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A number of articles have featured the beneficial effect of fire on rarer vascular plants and overall plant biodiversity on the Burnt Lands Alvar (Brunton 1986*; Catling and Brownell 1999; Catling et al. 2001 and have suggested that the removal of biomass on a large scale may contribute significantly to the protection of biodiversity on alvars (e.g., Catling et al. 2001 . These articles were based on studies within a year after a fire and 37 years after a fire. Here diversity of vascular plants is compared in two sites: (1) a semi-open woodland dominated by conifers and (2) successional shrubland resulting from a fire nine years previously that had replaced woodland corresponding to, and nearly adjacent to, the woodland at site 1. The description of these two habitats has additional importance since they have been utilized in comparisons (published elsewhere) of insect biodiversity based on sampling with pitfall traps and nets.
Methods and Materials
The study area
The woodland study site in West Carleton, City of Ottawa, ca. 4.6 km east-northeast of Almonte (Lanark County), Ontario, included 4 ha (approximately 10 acres) centred on 45.2569°N, −76.1437°W. The corresponding burned woodland study site 0.5 km to the southeast also included 4 ha, centred on 45.2507°N, −76.1337°W. Based on personal observation prior to the fire, examination of pre-fire aerial photographs, and determination of identity of burned trees, both of these study areas had been semi-open, mixed forest dominated by conifers until 23 June 1999, when a fire swept through 152 ha, including the southern study site. Both sites appeared to be similar in their vegetation throughout prior to the fire and both were of similar and unchanging elevation. At the time of the study, both sites were surrounded by similar vegetation for 100 m on all sides, the burned site by burned woodland and the unburned site by unburned woodland. At both sites, prior to the fire, the semi-open woodland was dominated by (in order of importance) Thuja occidentalis, Picea glauca, Populus tremuloides, Abies balsamea, and Pinus strobus, with an understory of mosses, including Hylocomium splendens and Dicranum polysetum, and occasional depauperate shrubs, including Juniperus communis. This is believed to be climax vegetation for these sites, since some trees are killed by drought leading to recolonization of the early successional tree species. The area has long been known to be particularly subject to fire, and it was named the Burnt Lands by settlers in 1870, at the time of the second most recent fire. For more information on this area, see White (1979) , Brunton (1986*), and Catling et al. (2001 .
Description of the vegetation
In August 2008, 30 quadrats 1 m 2 were placed approx. 3 m apart along a transect through the centre of each site. One was placed directly over each of ten pitfall insect traps (at each site) and the other two were placed 2 m away. Thus there were 30 quadrats of 1 m 2 in each of the burned woodland and the unburned woodland. For each quadrat the percentage cover (represented by half of the surface area) of all plants to 1 m tall was estimated for each species of vascular plant, for bryophytes as a group, and for lichens as a group. The two sites were compared with regard to the dominant species (frequency and cover) and biodiversity and to the value to pollinating insects. The plants were identified using Fernald (1950) and the online Flora of North America series (Flora of North America 1993 -2009 , and the names mostly follow the recent compilation of Kartesz and Meacham (1999) . Vouchers of vascular plants are preserved in the National Collection of Agriculture and Agri-Food Canada in Ottawa (DAO), and vouchers of lichens and mosses are in the collection of the Canadian Museum of Nature (CAN).
Comparison and biodiversity measures
Sites were compared to determine the extent of distinctness, since sites that are more distinct would have higher biodiversity value. This aspect was evaluated with regard to the number of species in common and the percentage of the total cover provided by those common species (at both sites) compared to the combined cover of all species at both sites.
The two sites were also compared with respect to the presence of rare and restricted species. Regional rarity was determined by reference to the list of regionally rare species developed by Brunton (2005*).
The measures of biodiversity employed here for comparison were (1) total number of species and the frequency and cover of each species; (2) the reciprocal of Simpson's Index based on probability which weights common and dominant species; (3) the exponential form of the Shannon-Wiener function that is based on information theory and weights rare species more heavily; (4) Brillouin's Index, which employs numbers of individuals or, in this case, instances (i.e., frequency), and assumes no replacement; and (5) the Smith and Wilson evenness measure, which is sensitive to both rare and common species and is independent of species richness. These widely employed measures are all described by Krebs (1999) ; associated software was used for the computations (Krebs 2008*) .
Results
The unburned site was a semi-open forest with dominant trees being (in order of importance) Thuja occidentalis, Picea glauca, Populus tremuloides, Abies balsamea, and Pinus strobus. The understory was dominated by Carex eburnea and bryophytes, mostly Hylo- comium splendens and Dicranum polysetum (Table 1) . There was no obvious change in the vegetation following the fire in the adjacent area. Thirty-seven vascular plants were recorded in the understory, 30 of which were native. Only Carex eburnea and bryophytes were prominent. The total cover averaged 120.22 m 2 per quadrat. The seven introduced species represented 0.66% of the total cover. All vegetation in the burned site, including trees, had been killed by the fire. Nine years after the fire, the burned area had developed into a long-lasting successional shrubland dominated by shrubs, such as Prunus virginiana, Arctostaphylos uva-ursi, Amelanchier alnifolia var. compacta, and Symphoricarpos albus, and herbs, such as Danthonia spicata and Carex richardsonii (Table 2) . Seventy-four vascular plants were recorded in the burned site, 11 of which were introduced, leaving 63 native. The total cover averaged 167.59 m 2 per quadrat. The introduced species accounted for 4.56% of the total cover.
The successional habitat that developed following a fire in boreal semi-open alvar woodland is thought 242 THE CANADIAN FIELD-NATURALIST Vol. 123 to be relatively long-lasting, since trees were observed to be invading slowly nine years after the fire and their establishment would only be possible following successful competition with a well-established shrubland flora. In the woodland, young trees represented 2.01% of the total cover, but in the burned woodland, after nine years, young trees represented only 3.97%. The two sites had only 16.33% of species in common, and these common species accounted for only 24.77% of the combined cover of both sites. Consequently, the vegetation was >75% different with respect to biomass. There were nine regionally rare species in the burned area with a cover value of 31.09%. Only two regionally rare species, with a cover value of 2.85% were present in the unburned woodland.
Not only were there almost twice as many species in the burned site as well as higher frequency and cover values, but the values for all biodiversity indices and an evenness measure were also higher for the burned area (Table 3) . Introduced species contributed to overall biodiversity, but they were a minor component at both sites, resulting in only slightly higher values than for native species alone.
Discussion
The development of successional plant communities on alvar landscapes is likely to promote vascular plant biodiversity, which is often highest in mid-successional stages. The post-fire succession on alvars is unique and has high vascular plant biodiversity, so including fire, or an alternative biomass removal method, in the management plan for portions of an alvar landscape is appropriate, if not essential. With the decline of ecological processes such as natural fire, it is to be anticipated that certain kinds of successional communities will be lost. Without dedicated management of protected areas, there will be declines in biodiversity. However, taking into account the extent to which fires occurred on alvars (Jones and Reschke 2005) , the occurrence of unique species in alvar woodlands (personal observation), and the susceptibility of some species to fire (Siemann et al. 1996) , only portions of alvar landscapes should be burned at any particular time.
Important considerations for fire management include the following: (1) maximum successional changes occur in early stages (Catling et al. 1999 (Catling et al. , 2001 ; (2) succession proceeds at different rates in different places; (3) the pre-settlement fire return interval on Great Lakes alvar landscapes was at least 200-500 years (Jones and Reschke 2005) ; and (4) there may be little change in many alvar woodlands more than 100 years old due to the maintenance by drought of early successional forest dominated by conifers. These considerations suggest that an alvar landscape with maximum biodiversity would include alvar woodlands burned 10, 30, 60, 100, and 200 years previously. After 100 years of management, the first burned area may have returned to alvar woodland. Of course, there are many considerations, such as maintaining sufficiently large wooded areas for forest-nesting birds, and adjustments to speed up the burn cycle may be necessary during the management period. Although the management of alvars with fire is complex, failure to attempt it is failure to simulate a natural process that preserves biodiversity. Future studies of biodiversity and its relation to succession on alvar landscapes are needed to determine the extent to which diversity of various animal groups corresponds to that for vascular plants. This would also help to improve the general understanding of the effectiveness of easily surveyed plants in predicting biodiversity of animals which has a number of constraints (Wolters et al. 2006) .
